Objectives: To evaluate usability and pain iconography of the Iconic Pain Assessment Tool Version 2 (IPAT2), a self-report instrument that combines word descriptors and representative images (icons) to assess pain quality, intensity, and location, among adults and adolescents with arthritis.
I ndividuals with arthritis are 3 times more likely to report moderate to severe pain compared with people with other chronic conditions. 1 Among adolescents and adults with arthritis aged 12 to 44 years, the prevalence of chronic pain is nearly 50%. 2 It is well recognized that reliable and valid pain assessment is the first step toward adequate pain management and treatment. 3 In view of the poor correlation between disease findings and pain experienced by people with arthritis, 4,5 patient self-report is a primary source of information during clinical pain assessment. 6 However, the subjective sensation of pain is notoriously difficult to communicate and measure.
Adding to the difficulty of adequate pain assessment, there is a recognized cognitive and communicative burden associated with pain self-report, which require sufficient linguistic and social skills to overcome. 7 Furthermore, as noted by Stanford et al, 8 the challenge of effectively verbalizing pain requires "yprogressive cognitive development and acquisition of social communication skills," (p. 278). Given these potential barriers, efforts must be made to minimize the cognitive, linguistic, and time burden of self-report on people experiencing pain. 9, 10 Available self-report scales for adults [11] [12] [13] [14] [15] [16] and adolescents [17] [18] [19] [20] with arthritis commonly use pain intensity as a single index of the sensory pain experience. However, the reduction of sensory components or aspects of pain to a single number fails to encompass other important characteristics, such as pain quality and location. 21 Furthermore, while the earliest pain scales were administered on paper, recent advances in information and communication technology have permitted the development of electronic tools, such as e-diaries. 22 Advantages of this electronic approach include minimization of errors in data transfer and transcription, ability to capture time-stamped data, ease of data sharing, increased compliance, and heightened patient satisfaction. [22] [23] [24] A review of the current literature demonstrates that a limited number of paper [25] [26] [27] [28] and electronic [29] [30] [31] tools have been developed that account for multiple sensory characteristics of arthritis pain. On the basis of the pioneering work of Melzack, 32, 33 all of these existing tools use word descriptors to account for the myriad of pain qualities associated with arthritis. However, standardized assessment methods that rely entirely on word descriptors may present difficulties for people with limited written or verbal communication skills 34 or a preference for visual communication. A viable alternative to the purely text-based description of pain quality is the fusion of imagery and words. 35 Indeed, there is increasing evidence that visual representations may help people to describe their pain better, 36 and thus gain access to more timely treatment. 37 However, to our knowledge, there is presently no tool available for the self-report of arthritis pain that uses a combination of imagery and word descriptors to measure pain quality, that capitalizes on the benefits of electronic administration, and that has profited from continuous patient input during development stages.
As described below, the Iconic Pain Assessment Tool (IPAT) fills this gap by uniquely addressing the limitations of existing measures. The IPAT is an interactive web-based tool for the visual self-report of arthritis pain in the form of time-stamped pain records. 38, 39 Individuals can choose from among a collection of stylized graphical images (icons) to describe the quality of their arthritis pain. Each IPAT icon uses a real-life object (eg, a matchstick) to illustrate a specific type of pain (eg, burning pain). After assigning a unique rating of intensity (0 to 10 numerical rating scale) to each pain quality, individual icons can be "dragged-and-dropped" onto a body map to indicate pain location. The completed IPAT "pain record," documenting current pain parameters, can be printed in a hardcopy and/or saved as a PDF file to track pain over time.
The IPAT has been developed and rigorously evaluated using a phased approach. As described by Lalloo and Henry, 39 face and content validity testing was completed through a formal evaluative study, educated consumer panel, and monthly pain support groups. These stakeholder consultations enabled creation of the IPAT version 2 (IPAT2), which includes an expanded bank of pain icons and a modified intensity rating scale that permits users to assign a unique intensity value to each pain quality icon and thus report multiple intensities of pain in different regions of the body. For example, a person with arthritis can communicate the simultaneous experience of "3/10" burning pain in their hand and "7/10" burning pain in their knee.
The overall purpose of the present study was 2-fold: to assess the usability of the IPAT2 in a sample of adults and adolescents with arthritis and to evaluate and refine the IPAT2 iconography to yield a bank of icons that are meaningful to people with arthritis. Usability testing is defined as any methodology "yin which users interact systematically with a product or system under controlled conditions, to perform a goal-oriented task in an applied scenario, and some behavioral data are collected" (Wichansky, 40 p. 998). In the context of usability testing, our objectives were to assess the IPAT2 for (1) ease of use, (2) ease of understanding, (3) user likes and dislikes, (4) time required to train and complete, and (5) perceived value for communicating arthritis pain. In the context of icon evaluation, our objectives were to: (1) assess the degree to which each icon is representative of the intended object (eg, matchstick) and pain type (eg, burning); (2) assess the degree to which each adjective and icon is descriptive of the participants' arthritis pain; (3) determine the need for new pain icons to describe arthritis pain; and (4) obtain feedback on newly developed icons generated from participant input. To determine whether the IPAT2 is appropriate for use by both adults and adolescents, we also sought to compare results from the usability and iconography testing between these groups.
PATIENTS AND METHODS

Patient Selection
Adult participants aged 18 years and older were drawn from rheumatology clinics in 2 university-affiliated hospitals serving metropolitan Toronto as well as central, northern, and southwestern regions of Ontario. Adults were eligible for this study if they had been diagnosed with inflammatory arthritis by a rheumatologist, had experienced arthritisrelated pain over the past 2 weeks according to self-report, and were able to speak and read English according to their health care provider. Adults were excluded from the study if they had known major cognitive or psychiatric disorders, severe vision or hand dexterity impairments, or any other chronic pain conditions (eg, fibromyalgia, chronic headache), as determined by their rheumatologist.
Adolescent participants, aged 12 to 18 years, were drawn from a single rheumatology clinic in a universityaffiliated pediatric tertiary care center serving metropolitan Toronto and central and northern Ontario. Adolescents were eligible for this study if they had been diagnosed with juvenile idiopathic arthritis, 41 had experienced arthritisrelated pain over the past 2 weeks according to self-report, and were able to speak and read English according to their health care provider. Adolescents were subject to the same exclusion criteria as the adult group.
Study Design and Procedure
This project received approval from the local Research Ethics Board of each participating institution. The study design adopted a variation of the "Questerview" method, 42 which combines elements from qualitative and quantitative research methodologies. Individuals with arthritis were recruited to take part in a single, semistructured interview with a member of the research team after their scheduled rheumatology clinic visit. The same investigator conducted all interviews. A health care provider identified potential participants using an eligibility screening tool and obtained permission for individuals to be approached by a research team member. Written informed consent for participation was obtained by a study investigator.
After informed consent was documented, the participant was asked to complete a General Information Questionnaire, which collected data concerning computer proficiency, first spoken language, and current pain intensity by a 0 to 10 numeric rating scale (NRS). The participant's health record was consulted to collect information such as age, type of arthritis, date of diagnosis, and current medications. Next, the participant was asked to evaluate various characteristics of the IPAT2 icons, as detailed below, and also to provide feedback on the usability of the tool's interface.
Each IPAT2 icon is designed to use a real-life object to depict a specific quality of pain (eg, a matchstick is used to represent "burning" pain). These properties correspond with the concepts of "concreteness" and "semantic distance," which are described in the body of Human Factors literature. Concreteness is defined as: "ythe extent to which an icon depicts real objects, materials, or people" (Isherwood et al, 43 p. 466). Semantic distance is defined as, "ythe closeness of relationship between the icon and the function it represents" (Isherwood et al, 43 p. 467).
Each participant was asked to rate the "representativeness" (0 to 10 NRS) of each IPAT2 icon, given the intended referent object (concreteness) and pain type (semantic distance). Although Isherwood et al 43 assessed these icon properties with a 5-point NRS, we chose to use an 11-point scale to minimize the loss in reliability associated with fewer response categories and account for the observation that respondents tend to often avoid the extreme ends of a scale (end-aversion bias). 44 To assess the relevance of each IPAT2 pain quality for arthritis, the participant was required to rate the degree (0 to 10 NRS) to which each adjective was descriptive of their pain. For each adjective that was assigned a descriptiveness rating greater than 0, the participant was asked to rate how satisfied (0 to 10 NRS) they were with the corresponding icon for describing their own pain. Next, the participant was prompted to share any "other words" that accurately describe their arthritis pain. Lastly, the participant was asked to provide feedback on newly developed pain icons.
After this icon evaluation exercise, the participant was provided with a 5-minute demonstration of the IPAT2 features. In brief, the first interface screen required the user to select their sex ("male" or "female"), which caused the corresponding body map (anterior and posterior aspects) to appear. Next, the user had the option of choosing among the existing bank of pain quality icons to describe their current pain. The current iteration of the IPAT2 features icons for Burning, Freezing, Squeezing, Stabbing, Heavy, Electrical, Pins and Needles, Shooting, Pounding, Pinching Aching, and Stiffness pain, as illustrated in Figure 1 . This sequence of icons is based upon the original IPAT and the development order of subsequent icons. After selecting a pain quality (eg, burning), a centralized NRS appears along the bottom of the interface.
The centralized NRS features a horizontal bank of pain icons, each with a unique fixed intensity rating ranging from 1 to 10. Each of these numbered icons can be independently "dragged-and-dropped" on to the body map to indicate location. This system allows a user to easily distinguish between varying intensities of the same pain quality across different body regions. For instance, a user could visually communicate the simultaneous experience of a "6" burning pain in their leg and "1" burning pain in their hand. After documenting all "burning" pain, the user can return to the icon bank to select another relevant pain quality. After documenting all of their current pain, the user can print a hardcopy and/or save the visual pain diary as a PDF file. The IPAT2 interface features a dynamically updating text box that automatically displays the current time and date. Thus, when the user clicks "print" or saves the pain diary as a PDF, they also automatically record the time and date of entry. A screenshot of the IPAT2 user interface is shown in Figure 1 .
After verbally confirming their comprehension of how to use the tool, each participant used the investigator laptop computer (MacBook Pro) with external mouse to document their current pain with the IPAT2. Investigator observation and verbal comments from the participant were used to identify any difficulties or confusion with using the IPAT2.
After the participant had gained "hands-on" experience using the prototype tool, a semistructured interview guide was used to facilitate discussion about the IPAT2. Questions were designed to assess: (1) how easy it was to learn the tool functionality; (2) features that were difficult to use or understand; (3) favorite feature of the tool; (4) least favorite feature of the tool; and (5) perceived value of the tool for communicating arthritis pain with clinicians. Participants were also asked to share any additional comments or views about the tool. Participants were compensated for their time and effort with a cinema gift card ($10 value) and reimbursed for transportation costs. FIGURE 1. The Iconic Pain Assessment Tool Version 2 is an Adobe Flash-based program for the self-report of pain quality, intensity, and location. A series of stylized graphical images (icons) have been created to depict various qualities of pain. Using a mouse, patients can assign a rating of intensity (0 to 10) and then "drag-and-drop" individual icons onto the body map to indicate pain location. The resulting time-stamped "pain diary" can be printed in a hardcopy or saved as a PDF file for patient records. Copyright McMaster University. Used with permission. All permission requests for this image should be made to the copyright holder.
Analysis
Each interview session was audio recorded, transcribed verbatim, converted to text files, and imported into the qualitative software program, HyperRESEARCH. 45 A line-byline coding analysis was used to identify key emerging themes from the interview transcript and field notes. Concepts addressed during the semistructured interview were used to thematically code and organize participant responses. 46 Quantitative data from the General Information Questionnaire, Health Record Questionnaire, and Icon Evaluation Questionnaire were coded, scored, and entered into a Statistical Package for the Social Sciences (SPSS) database. 47 All of these data were analyzed to assess measures of central tendency (mean, median) and dispersion (SD, interquartile range). Data were also evaluated to ensure that they met the assumptions of parametric statistical analysis (ie, the normal distribution). When these assumptions were not met, the nonparametric equivalent test was used.
Icon data were summarized in the order in which participants evaluated them. An icon was considered "acceptable" if mean and median ratings of concreteness, semantic distance, and satisfaction for describing arthritis pain were 5.0 or higher. The completed IPAT2 pain diaries were saved as PDF files and data concerning selected pain quality were manually entered into SPSS. The time needed for each participant to complete the IPAT2 pain diary was obtained by referring to the interview audio recording. Independent t tests (parametric distribution) or Wilcoxon rank-sum tests (nonparametric distribution) were conducted to determine whether there were any differences between the adult and adolescent groups on demographic and disease-related variables and on ratings of the IPAT2 icons and time to complete a pain diary. The Fisher exact test was used to identify any differences between the groups in terms of categorical frequency characteristics such as sex, computer access, and Internet access. This statistical test was used instead of w 2 because the expected frequency of 1 or more cells in each 2Â 2 contingency table was <5. 48 The Fisher exact test was also performed to test the null hypothesis that the proportion of adults who used each IPAT2 icon to describe their current pain is the same as the proportion of adolescents who applied each icon to describe their pain. The level of significance was set at P < 0.05 for all tests.
RESULTS
Sample Selection
Participant recruitment for the adults and adolescents is summarized in Figure 2 .
Participant Characteristics
Participant characteristics for the study sample are summarized in Table 1 . Sixty-seven percent of adults stated that they were "comfortable" or "very comfortable" with computers. Ninety-three percent of adolescents were "very comfortable" with computers. There were no significant differences between the adults recruited from site 1 versus site 2 in terms of age (P = 0.15), sex (P = 0.20), computer access (P = 1.0), or Internet access (P = 0.47). There were also no significant differences between the adults and adolescents in terms of sex (P = 0.39), computer access (P = 1.0), or Internet access (P = 0.48).
Illness Characteristics
Illness characteristics among the adults and adolescents are outlined in Table 1 .
Adults
The majority of adult participants were diagnosed with rheumatoid arthritis (12/15; 80%), whereas a minority experienced osteoarthritis with an inflammatory component (2/15; 13%) and ankylosing spondylitis (1/15; 7.0%). Arthritis-specific medication use ranged from 1 to 5 medications per adult, with an average of 3. The most commonly used class of arthritis medication was disease-modifying antirheumatic drugs (67%), followed by nonsteroidal antiinflammatory drugs (33%), steroids (7.0%), and analgesics (ie, acetaminophen with codeine) (7.0%).
Adults recruited from site 1 had a significantly shorter median (minimum, maximum) duration of illness compared with adults recruited from site 2 at 2.8 years (0.020, 6.5) versus 13 years (0.77, 37), P = 0.040. Adults from site 1 also reported a greater median (minimum, maximum) NRS pain intensity of 5.0 (4.0, 10) compared with adults from site 2 at 3.0 (1.0, 3.0), P = 0.0010.
Adolescents
The most common juvenile idiopathic arthritis onset subtypes were oligoarthritis (4/15; 27%) and rheumatoid factor-negative polyarthritis (3/15; 20%), followed by psoriatic arthritis (2/15; 13%), systemic arthritis (2/15; 13%), rheumatoid factor-positive polyarthritis (2/15; 13%), enthesitis-related arthritis (1/15; 7.0%), and "other" (1/15; 7.0%). Arthritis-specific medication use ranged from 0 to 3 medications per adolescent, with an average of 1. The most commonly used class of arthritis medication was diseasemodifying antirheumatic drugs (80%), followed by nonsteroidal anti-inflammatory drugs (47%), and steroids (7.0%). The median (minimum, maximum) duration of arthritis among the adolescents was 3.1 years (0, 15), and the median NRS pain intensity was 4.0 (1.0, 7.0).
Group Comparison of Illness Characteristics
There was no significant difference between the adult and adolescent groups in terms of median (minimum, maxi-mum) duration of arthritis at 4.6 years (0.020, 36) and 3.1 years (0, 15), respectively, P = 0.54. There was also no significant difference between the groups in terms of median (minimum, maximum) NRS pain intensity at 4.0 (1.0, 10) for the adults and 4.0 (1.0, 7.0) for the adolescents, P = 0.95.
Relative Frequency of Pain Quality Icons in Participant IPAT2 Diaries
Each participant created a single IPAT2 record to document his or her current arthritis pain. Table 2 summarizes the relative percentage of participants who used or did not use each pain quality icon (eg, burning, freezing) to describe their pain. The proportion of adolescents who used the "stiffness" icon to describe their current arthritis pain was significantly greater than the proportion of adults who chose this icon to describe their pain. Specifically, all adolescent participants (100%) employed the "stiffness" icon in their pain diary compared with only 9/15 (60%) adult participants (P = 0.017). There were no other significant differences between adults and adolescents in terms of pain icon utilization. Across all 30 participant diaries, the most commonly used pain quality icons were "stiffness" and "aching." The least commonly used pain icons were Squeezing  87  13  80  20  83  17  Stabbing  60  40  60  40  60  40  Heavy  80  20  73  27  77  23  Electrical  100  0  93  7.0  97  3.0  Pins/needles  67  33  60  40  63  37  Shooting  73  27  87  13  80  20  Pounding  93  7.0  60  40  77  23  Pinching  100  0  87  13  93  7.0  Aching  27  73  20  80  23  77  Stiffness  40  60  0  100*  20  80 "freezing," "electrical," and "pinching." The icon endorsement frequency did not appear to be influenced by the order of presentation on the IPAT2 interface ( Fig. 1) . For instance, the endorsement frequencies for burning (30%) and pins/needles (37%), which appear atop the interface, were lower than those for icons with less prominent positions such as stabbing (40%), aching (77%), and stiffness (80%). However, the potential effect of icon order was not specifically assessed.
Evaluation of the IPAT2 Pain Quality Icons for Concreteness and Semantic Distance
Concreteness and semantic distance ratings for each icon are summarized in Table 3 . Because of the nonparametric distribution of the data, the Wilcoxon rank-sum test was used to compare the groups. There were no significant differences between the adults and adolescents in terms of these icon ratings.
Overall, all icons received a mean concreteness rating of at least 8.2, with the exception of the iconic depiction of a "target" (aching pain), which had a mean rating of 6.1 (SD 3.4) . Similarly, all icons received a median concreteness rating of 10, apart from the "aching" icon (median 7.0).
Overall, all icons received a mean semantic distance rating of at least 7.4, with the exception of the icons for "shooting" and "aching" pain, with mean ratings of 6.9 (SD 3.0) and 6.0 (SD 3.7), respectively. The median semantic distance ratings ranged between 8.5 and 10 for all icons except for "shooting" (median 7.5) and "aching" (median 7.0).
Descriptiveness of IPAT2 Adjectives and Satisfaction with Icons for Describing Arthritis Pain
Adjective descriptiveness ratings are summarized in Table 4 . There were no significant differences between adults and adolescents in terms of these ratings. Adjectives that received the highest overall ratings for descriptiveness of arthritis pain were "stiffness" (median 10) and "aching" (median 10). Adjectives that received the lowest overall ratings for descriptiveness of arthritis pain were "freezing" (median 0) and "electrical" (median 1.0). There were no significant differences between adults and adolescents in terms of ratings for icon satisfaction (Table 4 ). Iconic depictions that received the highest median ratings of satisfaction for describing arthritis pain were: "knife" for "stabbing pain" (9.0), "pins and needles" for "pins and needles pain" (9.0), and "hinge" for "painful stiffness" (8.5) . Icons that received the lowest median ratings of satisfaction were the "electrical plug" for "electrical pain" (6.0) and the "vice" for "squeezing pain" (6.8).
Spontaneously Generated Descriptors for Arthritis Pain and New Pain Icon Designs
During the semistructured interview, participants were asked to share any "other words" that accurately described their arthritis pain. Participants were also asked to provide suggestions for imagery to accompany their arthritis pain quality descriptors. On the basis of participants' sugges-tions, new icons were designed to depict: "throbbing pain" (stubbed toe), "bone-cracking pain" (broken bone), "sharp pain" (sharpened pencil or shard of glass), and "dull pain" (dull pencil tip).
In addition, alternative icons were designed for "shooting pain" (bow and arrow; lightning instead of fireworks) and "stiffness" (a metallic arm rather than the rusted hinge). Participant ratings of these new and alternative icons, alongside the corresponding ratings of adjective descriptiveness, are outlined in Table 5 .
Time to Complete a Pain Diary and IPAT2 Ease of Use
The time required for adult completion of a single pain diary (median 2.3 min, minimum 1.0, maximum 5.9) was significantly longer than that for adolescents (median 1.4 min, minimum 0.33, maximum 3.2), P = 0.041. All of the participants described the IPAT2 as "easy" or "very easy" to use. One adult participant, who rated themselves as "not at all comfortable" with computers, stated: "It was very easy. If I can learn, who does not like computers, I think it's very easy to learn." 
Participant Likes and Dislikes With the IPAT2
A commonly cited favorite feature of the IPAT2 was the ability to describe the nature of pain in a nonverbal manner. For instance, 1 adult participant stated: "I suppose it's expressing yourself when you can't describe [your pain]. A lot of people don't know how to put it into words." Several adolescent participants also described the tool as enjoyable to use. In the words of 1 adolescent: "Like, for the kids, it's more fun for them because there are pic-tures and this kind of thing. You can actually drag it and stuff, so it's kind of like a game for them. And so I'd say it would entertain them instead of doing how they have now with just answering those questions." Other valued aspects of the tool were its simplicity (Adult: "There's not a lot of reading. There's not a lot of mumbo jumbo there. It's all straight-forward."), the drag-and-drop feature (Adolescent: "That you could put [the icons] anywhere, like on the certain part that it hurts. So you could see like where it hurts. There were no significant differences between the adult and adolescent groups for ratings of descriptiveness, semantic distance, or satisfaction with the following exceptions: *Adolescents (Mdn 5.0) gave a significantly higher descriptiveness rating to "bone cracking" than adults (Mdn 0) (Wilcoxon rank-sum test, P = 0.0030). wAdolescents (Mdn 5.0) gave a significantly higher semantic distance rating to the "sharp glass" icon than adults (Mdn 0) (Wilcoxon rank-sum test, P = 0.0060).
zAdolescents (Mdn 6.0) gave a significantly higher satisfaction rating to the "sharp glass" icon than adults (Mdn 0) (Wilcoxon rank-sum test, P = 0.0010 When you keep track of it you can tell which parts of the body you have trouble with."), and clarity (Adult: "Everything's very clearyonce you start doing it, it can be quick."). The cited "least favorite" features of the IPAT2 experience were: nervousness with using the computer, unfamiliarity with the tool, orienting themselves on the body map (Adult: you had to think for a minute in terms of which one is the front one and which was the back one. It took me a while."), selecting appropriate intensity ratings (Adult: "I find it really difficult to rate pain or anything by 1 to 10."), irrelevant pain icons (Adult: "Not all the pains really related to me but I understand [the need] because everybody has different feelings and sensations."), the necessity of thinking about pain, and the large size of icons relative to the body map. Overall, 6 (40%) adults and 11 (73%) adolescents stated that they did not have a "least favorite" feature of the tool.
Perceived Value of the IPAT2
All participants agreed that the IPAT2 could be valuable for helping to communicate pain with their health care provider. For instance, an adult participant stated, "That would be great if you could do that ahead and then email it to the doctor or something so that they have it ahead of time." The tool was also considered to be valuable for keeping track of trends in arthritis pain over time. In the words of an adult participant: "ywhen I come in [to the doctor] on Monday it's just after the weekend and I'm not doing as much work, so maybe I'm not having as much pain. So they ask me how it's been over the last few days, well it's not been bad. But last week was horrible. So I think that's nice that you could [fill in the diary] more than once." Similarly, an adolescent participant stated, "I like that it's online, because a lot of people go on the computer in my age group, so it would be easier instead of writing it down. And it's easy on the computer, and it's like neater."
Several participants also noted that using the IPAT2 could cause them to document details about their pain that they otherwise may not have disclosed to their health care provider. In the words of an adult participant, "ywhen you come into the doctor you always say '[I'm] not bad', because that's the way you're used to dealing with it. So if you actually have to fill out a thingy[they] can at least see what you're saying." In the words of an adolescent, "ywhen you're by yourself y you actually tell the truth. But like when you have doctors around you, you kind of get scared, like what they would say, so they would have this [my pain diary] to look at."
DISCUSSION
To our knowledge, this is the first study to evaluate the usability of a web-based tool for the visual self-report of pain quality (icons and word descriptors), intensity (0 to 10 NRS), and location (body map) among adults and adolescents experiencing arthritis pain. Our findings indicate that the IPAT2 was easy to use, easy to understand, well liked, quick to complete, and perceived as potentially valuable for communicating the nature of arthritis pain to health care providers. The median time needed to complete a single pain diary after minimal training was 2.3 and 1.4 minutes for the adults and adolescents, respectively. These average times compare favorably with other electronic pain assessment tools, such as the e-Ouch 30 (average of <9 min to complete 3 daily entries among adolescents), as well as clinician-administered paper questionnaires such as the McGill Pain Questionnaire (5 to 10 min) and Short Form-McGill Pain Questionnaire (2 to 5 min). 49 To our knowledge, there are no reference values for determining the acceptability of iconography provided in the literature. For this study, we chose the criterion of requiring all icons to achieve mean and median ratings of 5.0 or greater on a 0 to 10 NRS for the parameters of concreteness, semantic distance, and satisfaction. All IPAT2 icons met or exceeded this criterion within this sample of adults and adolescents with arthritis pain. In terms of concreteness, only the icon depicting "aching" pain received a median rating <10. This icon was particularly challenging to design because "aching" is an abstract sensation with no obvious counterpart in a real-life object. On the basis of early pilot testing of the IPAT2 at chronic pain support groups and public forums, as well as investigator opinion, an image was created consisting of concentric diffuse rings. This image was given the referent label "target." All study participants were asked to think about other possible representations of "aching pain," however, no alternative images emerged. As described in Table 5 , alternative icons for "shooting" and "stiffness" pain were designed based on early participant suggestions, but ultimately received similar ratings to the original icons. It is important to note that although all icons achieved the criterion for acceptability, we recognize that further validation of the IPAT2 is needed in a clinical setting to confirm that the current icon designs are appropriate for assessing arthritis pain.
In addition to its use of iconography, the IPAT2 capitalizes on existing web-based technology to enable the creation of visual, time-stamped pain records. The IPAT2 offers many novel advantages over existing self-report tools for arthritis pain. First, its web-based nature affords a high level of accessibility to consumers 4 and is associated with advantages such as rapid data storage, increased compliance, and heightened consumer satisfaction. [22] [23] [24] Second, the unique mixture of icons and word descriptors to illustrate pain quality creates real-world points of reference and minimizes reliance on the vocabulary of people living with arthritis pain. 38, 39 Third, the IPAT2 allows consumers to visually express and document different intensities of arthritis pain occurring in their entire body. Fourth, every stage of tool development has been driven by the feedback of people living with pain through public forums, pain support groups, educated consumer panels, and evaluative studies of participant preferences. 38, 39 A few potential limitations of this study must be addressed. First, this study had a relatively small sample size of 30 participants, which may influence the generalizability of our results. However, there is literature-based evidence that this number of participants is sufficient for the purpose of usability testing. 50, 51 The study results are also limited to adults and adolescents with arthritis pain. Earlier study by our group has indicated that the IPAT is acceptable to people with other forms of chronic pain. 38, 39 Thus, the present study design could easily be adapted to refine the iconography for other pain groups. Second, recall bias may have influenced findings when participants were asked to rate the descriptiveness of each word for their arthritis pain. However, we minimized this bias by including only people who had experienced pain in the last 2 weeks. Furthermore, all participants had arthritis pain at the time of the study, and the recalled word ratings corresponded well with the pattern of icon selection in the diaries that documented current pain. Third, volunteer bias may have influenced the study's results by virtue of the potential differences between individuals who did and did not choose to participate. Overall, 3/52 (6.0%) individuals who were eligible for the study refused to be approached by the research team, whereas 19/49 (39%) people who were approached chose not to participate due to time constraints. As the inconvenience associated with the study was the only reason given for nonparticipation, future studies may notify eligible individuals before their scheduled clinic appointment so that they can arrange to extend their visit, if necessary. Fourth, participants were not specifically characterized according to factors such as educational level or cultural background. Future study will take into consideration how these user characteristics may influence both ease of use of the tool and interpretation of icon meaning. Fifth, this study did not incorporate the health care provider perspective, which will be critical to the successful implementation of the IPAT2 as a clinical tool. This issue is being addressed in a subsequent study. Lastly, from this study sample, we do not know how the tool will perform among people who are not English speaking or who have cognitive difficulties. A major aim of this study was to assess the proposed relationship between "icon," "depicted object," and "pain descriptor" through a semistructured interview that required all participants be able to communicate fluently in English and be free of cognitive difficulties. Future study will examine the consistency with which various populations negotiate meaning with the pain iconography. Further validation is also needed to evaluate IPAT2 clinical feasibility (ease of application in the clinical setting) and clinical utility (meaningful application of tool results) as well as comparison with standard pain assessment tools. 52 In this study, "stiffness" and "aching" were the most descriptive words and icons among all participants, whereas "freezing," "electrical," and "pinching" were the least descriptive words for arthritis pain. A focus group study conducted by Hochman et al 53 suggests that the unprompted use of certain pain descriptors by people with osteoarthritis could be used to identify individuals with possible neuropathic pain. A future study involving a mixed patient sample will seek to determine whether the relative use of IPAT2 pain icons could be used to distinguish between individuals with different underlying pain mechanisms. This subsequent study will also take into consideration possible order effects related to the presentation of icons on the interface.
By virtue of the IPAT2 design, the precision of documenting pain location is limited by the size of each icon relative to the surface area of the body manikin. Furthermore, the manikin does not presently have a standard coding scheme to quantify "dropped" icons. 54 Thus, error might arise in the interpretation of pain quality location in smaller body regions such as radial versus ulnar digits of the hand. To address these issues, an expanded version of the tool with a codified body manikin after the IASP Classification of Chronic Pain 55 and allowing greater precision in reporting pain location is currently under development. This expanded version of the tool will also be linked to a secure database, which will automatically be populated with data as new pain records are created. This "back-end" system will facilitate long-term data storage and simplify the process of tracking pain parameters over time within discrete body locations.
In terms of dissemination, the IPAT2 will be made freely available online for clinical use. Version 1 of the tool, described in references, 38-39 is currently available at http://www.emiliemcmahon.ca/pain-tool.html. A link to the IPAT2 will be added to this website once it is "live" on the Internet. A direct user feedback mechanism will also be incorporated into the website to identify any difficulties with usability or icon interpretation among the nonvolunteer group of users who will access the tool online.
In conclusion, this study has uniquely evaluated the IPAT2 user interface and iconography for adults and adolescents with arthritis pain. The tool was reported to be easy to use and understand, liked by users, quick to complete, and perceived as valuable for communicating arthritis pain. All pain quality icons met or exceeded the criterion for acceptability, and the icon bank has been refined to reflect participant preferences. The findings indicate that the IPAT2 represents an innovative contribution to the field of arthritis pain assessment, which should allow people living with arthritis to better express and document their sensory pain. Members of the Burlington Chronic Pain Advocacy Group are gratefully acknowledged for providing early feedback on the tool interface and iconography. Finally, the authors thank the study participants for their enthusiastic contribution to this research.
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